In this paper, the propagation loss for 1800 MHz cellular network in a crowded market is studied and characterized using the Comit´e International des Radio-Communication, (CCIR) propagation loss model. Empirical measurement of the received signal strength in the market was conducted using CellMapper android app installed on Samsung Galaxy S4 phone. The CCIR model was configured with three different percentages of covered areas (PB). The model was optimized using the root means square error (RMSE) method and also by tuning the PB value. The un-tuned CCIR model gave an RMSE value of 9.23 dB which is above the acceptable upper limit of 6 dB for propagation loss prediction models. On the other hand, the PB-tuned CCIR model gave the best prediction result with an RMSE value of 2.177 dB and prediction accuracy of 98.11 % which is better than the performance of all the RMSE-tuned CCIR models. The results showed that apart from using an RMSE value to tune the CCIR propagation loss model, adjustment of some other key parameters of the model can as well provide a better prediction performance. However, the choice of the parameter to be tuned depends on the specific nature of the case study area.
INTRODUCTION
Propagation loss is one of the key elements that is usually required in the planning and design of cellular networks [1] [2] [3] [4] [5] [6] [7] . Generally, propagation loss models are developed and used to estimate the expected propagation loss a given wireless signal at a particular frequency will experience while propagating in a given area [8] [9] [10] [11] [12] [13] [14] .
Studies have shown that no single propagation loss model can fit every situation [11, [15] [16] [17] . As such different propagation loss models have been developed over the years for different situations that take into consideration the nature of the network and the site.
In this paper, the focus is to study the propagation loss in a crowded marked using the propagation loss model developed by the CCIR (Comite' Consultatif International des Radio Communication, which is now known as
STUDY SITE AND DATA COLLECTION
The study site is Itam market in Uyo , Akwa Ibom state Nigeria at a latitude of 5.047908 and a longitude of 7.898721, as shown in Figure 1 . Though the market operates on a daily basis, it is fully occupied on its market day which comes up every 8 days. The study was conducted on a market when the market is fully crowded.
Figure-1. The Google Map Location of the study site
Source: Google maps [22] The relevant data, namely, latitude, longitude , received signal strength and the base station information were collected using CellMapper android app which was installed on Samsung Galaxy S4 phone . The Samsung Galaxy S4 was held at about 1.5 meters above the ground and the CellMapper app was enabled to run while the phone was taken around the market at an average speed of 1.2 m/s. The CellMapper app captured and stored the listed requisite data in a comma-separated values (CSV) file. After the data collection, the CSV file was copied into the laptop and then processed for the propagation loss characterization based on CCIR model. 
THE CCIR PROPAGATION LOSS MODEL
The 
where
The degree of urbanization is denoted as E which is defined in terms of (PB) the percentage of the covered area which in the case of urban area is the percentage area covered by buildings , hence
If the area is covered by about 16% buildings then E = 0.
PB ≥ 16% For urban area ; PB < 16% (typical PB =8%) for sub-urban area and PB < 16% (typical PB =3%) for sub-urban area. The prediction performance of the propagation loss models considered in this paper are assessed using RMSE given in equation 6 and prediction accuracy (PA) given in equation 7).
Where propagation loss (dB) data measured is point i, is the CCIR predicted propagation loss (dB)
for data point i and n is the total number of measured data points considered in the computation.
OPTIMISATION OF THE CCIR PROPAGATION LOSS MODEL

The CCIR Model is Optimised in Two Different Ways, Namely
(i) By using the root means square error
(ii) By tuning (PB ) the percentage of covered area
Optimisation of the Ccir Propagation Loss Model by Using the Root Means Square Error
In this case, the root mean square error (RMSE) of equation 6 is used to tune each of the CCIR predicted propagation loss. The sum of errors (SoE) is given as;
Now the tuning is done as follows;
Optimisation of the Ccir Propagation Loss Model By Tuning the Percentage of Covered Area
The tuning of PB, the percentage of covered area is conducted by using a tuning factor K such that the degree of urbanization is given as;
Then from equation 1 the tuned CCIR model is given as ;
The value of K is repeatedly adjusted using Microsoft Excel Solver until the minimal value of RMSE is obtained. Then, the tuned value of E in equation 9 is used in equation 1 to determine the CCIR predicted propagation loss.
RESULTS AND DISCUSSION
The CCIR propagation loss model was configured with three different values of the percentage of covered area (PB%), namely; PB = 12 %, PB = 8% and PB = 3 %. The result of the CCIR model propagation loss prediction and performance measures are given in Table 2 for the case where PB = 12% . The un-tuned CCIR model gave An RMSE value of 9.23 dB which is above the acceptable upper limit of 6 dB for propagation loss prediction models. On the other hand, the RMSE-tuned CCIR model gave An RMSE value of 2.576 dB with a prediction accuracy of 98.70
%. The results of the un-tuned CCIR model propagation loss prediction for PB = 12 %, PB = 8 % and PB = 3 % are shown in Figure 4 while the prediction performance results of the un-tuned CCIR model and the RMSEtuned CCIR model for PB = 12 %, PB = 8 % and PB = 3 % are given in Table 3 . Among the un-tuned CCIR model the one with PB = 12 % gave the best prediction with An RMSE value of 9.23 dB and prediction accuracy of 92.02% while among the RMSE-tuned CCIR model the tuned model with PB = 12 % gave the best prediction with An RMSE value of 2.771 dB and prediction accuracy of 98.10 %. The prediction performance of the un-tuned CCIR model and the PB-tuned CCIR model for PB = 12 %, PB = 8 % and PB = 3 % is given in Table 4 . The graph of Figure 5 shows the measured propagation loss, the RMSEtuned CCIR model and the PB-tuned CCIR model for PB = 12 %, PB = 8 % and PB = 3 %. The three PB-tuned CCIR model gave the same result with An RMSE value of 2.177 dB and prediction accuracy of 98.11 % which is better than the performance of all the RMSE-tuned CCIR model.
In all, the results of the PB-tuned CCIR models show that the market has a effective covered area of 35.89 % which is more than the 16 % recommended in the original CCIR model for the urban area. So, for the market, the tuned the degree of urbanization is given as; = 30 − 25 -8.87459825 (11) Then , the tuned CCIR model for the market is given as ;
for all i > 1 (12) 
CONCLUSION
Propagation loss for the 1800 MHz cellular network in a crowded market is studied and characterized using the CCIR propagation loss model. The model was studied under different degree of urbanisation values and also tuned using RMSE method as well as by tuning the percentage of covered area. The results showed that the market has a higher percentage of covered area than a typical urban area whose percentage covered area is given as 16 % in the original CCIR model. Furthermore, the tuning of the CCIR model using the percentage of covered area gave the best prediction performance, hence, the mathematical expression of the optimal CCIR model for the market was derived based on the percentage of covered area tuned-CCIR model.
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